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These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers
cannot assess the reliability of the findings.

Item

Recommendation

Section/line
number, or reason
for not reporting

Study design

For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

The experimental design of this study is as
follows: (1) Sr intervention experiments:
Establish a normal control group, a tibial
dysplasia model group, and S intervention
groups at different doses based on the
henotypes were

Each experimental unit consists of a single
animal, whose tissue samples or
measurement data serve as independent
observations for statistical analysis.

Sample size

2

a. Specify the exact number of experimental units allocated to each group, and the
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample
size calculation, if done.

This study utilized a total of 320
experimental animals, allocated as follows:
In the strontium intervention experiment, a

normal control group, a TD model group,
A TRACr1ANPANIANN et e

The sample size for each group in this study
was carefully determined to balance
scientific rigor with animal ethics principles,
while ensuring statistical stabilty and

Inclusion and

a. Describe any criteria used for including and excluding animals (or experimental

All animal inclusion and exclusion criteria, as
well as data processing principles, were

exclusion units) during the experiment, and data points during the analysis. Specify if theSe | b nesiiy ani nine
criteria criteria were established a priori. If no criteria were set, state this explicitly. T”‘"'Wl“‘mlp:'m‘“
. . . . . actual number of animals used in this study
b. For each experimental group, report any animals, experimental units or data points | gy exeeded e minimum requremen:
not included in the analysis and explain why. If there were no exclusions, state so. N e saes for cnch aoup
. . ) ultimately used in statistical analysis were as
c. For each analysis, report the exact value of nin each experimental group. o e o s
Randomisation 4 a. State whether randomisation was used to allocate experimental units to control Sorted and numbered sccording 10 body
and treatment groups. If done, provide the method used to generate the i enermeml eroupe Y endomized
randomisation sequence. Z‘;i‘.;??;ﬂ“?éﬁﬁ%f{!‘f:hé';’."b%‘é“y'&”eﬁ;’m""
amona aroups, validatina the randomization
b. Describe the strategy used to minimise potential confounders such as the order To sysematcaly contol potental e
of treatments and measurements, or animal/cage location. If confounders were mulipe selegles roUghoUL e sing
not controlled, state this explicitly. ::2;_1;dm';;,?;,?g;g"g;:‘;;g‘;ag'g;;?;;xﬁ;&
Blinding 5 Describe who was aware of the group allocation at the different stages of the roup assgnments was implemented 8t
experiment (during the allocation, the conduct of the experiment, the outcome Radomizatom s porme pxclusiely
assessment, and the data analysis). Eié’é!i"e"n"él S?é‘c'l?&‘r”;z}x:n?;‘l.‘fi‘;?i"af‘m
josing personnel required knowledge of
Outcome 6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular Markers, | fe i sl (1) wo s
measures or behavioural changes). Inucing i weht. e, e, and
b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the e ey, e primary
outcome measure that was used to determine the sample size. S e oo or the
evnerimente nraximal tihial arnwth nlate
Statistical 7 a. Provide details of the statistical methods used for each analysis, including e b e e e
methods software used. Riterconfiming né normalty of i daa by
the Shaniro-Wilk test. comparisons between
b. Describe any methods used to assess whether the data met the assumptions of T study rigorously evalules whther dta
the statistical approach, and what was done if the assumptions were not met. T e oo e shecfc
Experimental 8 a. Provide species-appropriate details of the animals used, including species, Strain | o s ares s s s g
animals and substrain, sex, age or developmental stage, and, if relevant, weight. o (Kateng: poran. gy €%
For the fecal microbiota trial. all male
b. Provide further relevant information on the provenance of animals, health/immune | atanimais ssed n s sudy were procured
status, genetic modification status, genotype, and any previous procedures. (ot shickena oo rom Sngda
Experimental 9  For each experimental group, including controls, describe the procedures in eNoUgN | e ereaied oo
procedures detail to allow others to replicate them, including: amlent amperats mamained s e
. For the broiler chicken TD and strontium
a. What was done, how it was done and what was used. imerventon experments, e il ased 14
exneriments. the trials lasted 21 davs: For
b. When and how often. .
i i ; - ; No abnormalities.
c. Where (including detail of any acclimatisation periods).
This gludy conqucted three animal
d. Why (provide rationale for procedures). e princiles of tandbmzaton and bincng.
Broiler chicken experiments: 1. The TD
Results 10 For each experiment conducted, including independent replications, report: e s e oo

a. Summary/descriptive statistics for each experimental group, with a measure of
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.

experiments in this study are summarized as
follows (all data expressed as mean +
standard deviation): In the broiler TD model,
the TD group exhibited significantly lower

For all major intergroup comparisons in this
study, effect sizes and 95% confidence
intervals were calculated to assess the
biological significance of the differences.
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	Study design - 1a: The experimental design of this study is as follows: (1) Sr intervention experiments: Establish a normal control group, a tibial dysplasia model group, and Sr intervention groups at different doses based on the model. Pathological phenotypes were characterized by comparing the model group with the control group, and therapeutic efficacy was evaluated by comparing each intervention group with the model group. Positive control or pathway validation groups were added for key mechanism studies. (2) Mouse fecal microbiota transplantation (FMT) experiment: A normal control group and an FMT group were established, with comparative analysis conducted between the two groups. (3) RA intervention experiment: A normal control group, RA treatment groups at different doses, and combined Sr intervention groups based on the RA model were established. Pathological effects were clarified by comparing the RA groups with the control group, and the ameliorative effect of Sr was evaluated by comparing the combined intervention groups with the corresponding RA groups.
	Study design - 1b: Each experimental unit consists of a single animal, whose tissue samples or measurement data serve as independent observations for statistical analysis.
	Sample size - 2a: This study utilized a total of 320 experimental animals, allocated as follows: In the strontium intervention experiment, a normal control group, a TD model group, and TD+Sr100/200/400 groups were established, with 30 broilers per group totaling 150 animals; In the retinoic acid intervention experiment, groups included a normal control group, RA15/30/60 groups, and an RA30+Sr200 group, each comprising 30 broiler chickens, totaling 150 animals; In the mouse fecal microbiota transplantation experiment, groups comprised a normal control group and a transplantation group, each with 10 mice, totaling 20 animals. Therefore, the total number of experimental animals was 300 broiler chickens and 20 mice.
	Sample size - 2b: The sample size for each group in this study was carefully determined to balance scientific rigor with animal ethics principles, while ensuring statistical stability and accounting for potential losses. The final sample size was set at n=30 per group. For the fecal microbiota transplantation experiments in mice, the sample size was primarily determined by referencing the commonly used range in similar studies within the field (6–12 mice per group) and by incorporating the stable, significant phenotypes observed in our team's preliminary experiments. The final sample size was set at n=10 mice per group. All designs were intended to ensure the detection of biologically meaningful differences between groups.
	Inclusion and exclusion criteria - 3a: All animal inclusion and exclusion criteria, as well as data processing principles, were predefined (a priori) for this study: animals were included if healthy and within the specified initial weight range; animals in the model group required successful modeling confirmed by dissection or histology at endpoint. Exclusion criteria included severe diseases unrelated to experimental treatment, accidental death, confirmed modeling failure, or technical sample failure. In data analysis, missing data were not imputed. Sufficient samples were randomly selected for analysis during implementation, ensuring homogeneity of experimental subjects and objectivity of data analysis.
	Inclusion and exclusion criteria - 3b: To ensure sufficient statistical power, the actual number of animals used in this study slightly exceeded the minimum requirement based on statistical efficacy calculations. Specifically, the initial number of animals in each broiler chicken group was slightly higher than the planned sample size. Ultimately, based on predefined objective criteria (such as healthy survival and successful model validation), exactly 10 individuals per group were included in the final statistical analysis. The few excluded individuals were removed for reasons unrelated to experimental treatments (e.g., non-specific infections or technical sampling issues). The mouse experiments proceeded smoothly, with the actual number of animals used, completed, and analyzed strictly adhering to the initial design (10 per group), with no exclusions. All sample size determinations and exclusions followed predefined criteria, complying with ethical standards and statistical power requirements.
	Inclusion and exclusion criteria - 3c: The exact sample sizes for each group ultimately used in statistical analysis were as follows: In the broiler chicken strontium intervention experiment, the normal control group (Con), TD model group (TD), and TD+Sr100/200/400 groups each had n=10; In the broiler chicken retinal acid intervention experiment, the control group (Con), RA15/30/60 groups, and RA30+Sr200 group each had n=10; In the mouse fecal microbiota transplantation experiment, the control group (Con) and transplantation group (FMT) each had n=10. In summary, the analysis included a total of 100 broiler chickens (50 per group across two experiments) and 20 mice, comprising 120 independent biological samples.
	Randomisation - 4a: Prior to the experiment, all animals were sorted and numbered according to body weight before being completely randomized into experimental groups. Post-randomization verification confirmed no significant differences in initial body weight among groups, validating the randomization process. This randomized list was blinded to researchers responsible for subsequent sample testing and data analysis to ensure observational objectivity.
	Randomisation - 4b: To systematically control potential confounding factors, this study employed multiple strategies throughout the experiment: animals were grouped using randomized sequences; housing cages were rotated periodically during the experiment to avoid environmental bias; the daily order of experimental procedures (e.g., dosing, measurements) was randomized across groups; All data collection and outcome assessments were conducted under a blinded protocol; laboratory testing ensured each batch contained samples from all groups to achieve batch balance. These measures effectively minimized confounding effects arising from treatment sequence, environmental variation, and measurement subjectivity.
	Blinding - 5: Strict hierarchical control over knowledge of group assignments was implemented at different stages of the experiment: Randomization was performed exclusively by personnel not involved in subsequent experimental procedures; Animal care and dosing personnel required knowledge of group assignments for operational purposes but followed standardized protocols; Critical sample collection, tissue processing, all quantitative measurements (histology, imaging, molecular biology), and data analysis were conducted under blinded conditions. Operators and researchers interacted solely with coded samples, with unblinding occurring only after statistical analysis completion. This approach minimized implementation and measurement biases.
	Outcome measures - 6a: The indicators evaluated in this study are clearly defined as follows: (1) Macroscopic and microstructural bone parameters: Including tibial weight, length, diameter, and micro-CT-quantified bone volume fraction (BV/TV), trabecular thickness (Tb.Th), trabecular number (Tb.N), and trabecular separation (Tb.Sp); (2) Bone turnover biochemical markers: Serum osteocalcin (OCN), etc.; (3) Histological indicators: Osteoblast area fraction (Ob.S/BS) and morphological abnormality rate, osteoclast surface density (Oc.S/BS), and growth plate thickness; (4) Molecular mechanism indicators: relative mRNA expression levels of key genes, protein expression levels, pathway activation ratios, and functional protein ratios; (5) Systemic indicators: body weight, food intake, and serum calcium and phosphorus metabolism parameters. All indicators were measured and calculated using standardized methods.
	Outcome measures - 6b: In this hypothesis testing study, the primary outcome measures used for prior sample size calculations were as follows: for the broiler TD and strontium intervention experiments, proximal tibial growth plate width was selected as the core bone quantification metric; For the broiler retinol toxicity experiment, growth plate width was similarly used to assess bone-specific growth inhibition; for the mouse fecal microbiota transplantation experiment, Osteocalcin (OCN) was selected as the primary metabolic or bone phenotype indicator based on the core hypothesis. All sample sizes were calculated to ensure detection of biologically meaningful between-group differences in the aforementioned key indicators.
	Statistical methods - 7a: The data were statistically analyzed via SPSS 26.0 (SPSS Inc., USA) and GraphPad Prism 8.0.2 (GraphPad Software, USA). After confirming the normality of the data by the Shapiro‒Wilk test, comparisons between the two groups were analyzed via independent samples t test, For multiple comparisons, Tukey’s HSD test was uniformly applied after significant results in ANOVA; for nonparametric data, Kruskal-Wallis test was followed by Dunn’s post-hoc analysis (with Bonferroni correction). The associations of metabolites, core microorganisms and related genes were explored via Pearson correlation analysis and the Mantel test. The data are expressed as the mean ± standard error of the mean (SEM), and statistical graphs were generated with GraphPad Prism. p values < 0.05 were considered statistically significant.
	Statistical methods - 7b: This study rigorously evaluates whether data satisfy the assumptions of the statistical methods employed, following this specific procedure: First, Shapiro-Wilk tests are conducted on all continuous datasets to assess normality, followed by Brown-Forsythe tests to evaluate homogeneity of variance. If data meet assumptions of normality and homogeneity of variance, parametric tests (e.g., t-tests, ANOVA) are applied. If either assumption was not met, the following measures were taken: Direct use of nonparametric tests: If transformation was ineffective or data deviated significantly from assumptions, the corresponding nonparametric method (e.g., Kruskal-Wallis H test) was directly applied. All analyses were performed using GraphPad Prism 8.0.2 software. The aforementioned evaluation and selection process was pre-specified, and the final methods used were truthfully reported in the results.
	Experimental animals - 8a:  One-day-old male Arbor Acres (AA) broilers (initial body weight: 47.82 ± 5.35 g) were obtained from Xingda Poultry Industry Co., Ltd. (Kaifeng, Henan, China). 
For the fecal microbiota trial, all male SPF-grade C57BL/6 mice (22–24 g) used in this study were purchased from Liaoning Changsheng Biotechnology Co., Ltd. (Shenyang, Liaoning, China). 
	Experimental animals - 8b: All animals used in this study were procured from qualified suppliers holding valid laboratory animal production licenses (broiler chickens sourced from [Xingda Poultry Industry Co., Ltd. (Kaifeng, Henan, China)]; mice sourced from [Liaoning Changsheng Biotechnology Co., Ltd. (Shenyang, Liaoning, China)]), and were in good health. Broilers were vaccinated with routine vaccines, while mice were maintained at the specific pathogen-free (SPF) level. All animals were wild-type, free from any genetic modification, and had not undergone any other experimental procedures prior to this study.
	Experimental procedures - 9a: In the Sr intervention trial, broilers were housed under controlled environmental conditions: a 12 h:12 h light‒dark cycle, ambient temperature maintained within the brooding range (gradually decreased from 35°C to 33°C over the first week, then stabilized at 33°C), relative humidity at 60-70%, and ad libitum access to feed and water. One hundred and fifty chicks were randomly allocated into two primary groups: control (Con) group (n = 30) and a TD group (n = 120). The Con group received a standard basal diet throughout the experiment. From days 4 to 7 post-hatching, the TD model group received the basal diet supplemented with thiram at a dosage of 100 mg/kg body weight (BW) to induce TD. On day 8, successful thiram-induced TD was confirmed. Starting on day 4, the TD group was further randomly subdivided into four treatment groups (n=30 per group): the TD group (receiving the basal diet only (no Sr supplementation)) and the Sr100/Sr200/Sr400 groups (receiving the basal diet supplemented with strontium chloride (SrCl₂) at 100 mg/kg, 200 mg/kg, and 400 mg/kg BW, respectively). The plants were continuously treated with Sr for 11 days. For the fecal microbiota trial, all male SPF-grade C57BL/6 mice (22–24 g) used in this study were purchased from Liaoning Changsheng Biotechnology Co., Ltd. (Shenyang, Liaoning, China). The mice were acclimatized under SPF-grade feeding conditions with 12 hours of light exposure per day for one week. The mice were then randomly divided into a blank (Con) group and a colony transplantation group (FMT-Sr). Both groups were treated with a mixture of antibiotics (200 mg/kg ampicillin, metronidazole, neomycin, and 100 mg/kg vancomycin) by gavage for 6 days to eliminate the intestinal microbiota. After stabilizing the flora for 1 day, the Con group was gavaged with saline, and the FMT-Sr group was gavaged with bacterial mixture (stools were collected from broilers after 21 days of continuous feeding with Sr, homogenized by adding saline at 50 mg/ml, centrifuged at 100 × g for 2 min at 4°C, and collected as a suspension) for 3 days, after which each group was gavaged once every two days until the end of the 21–d period. In the retinoic acid (RA) experiment, the animals were kept in the same environment as in the Sr intervention trial. One hundred and fifty healthy broilers were randomly divided into five groups: the control group (Con), low-dose RA group (RA15), medium-dose RA group (RA30), high-dose RA group (RA60), and medium-dose RA and Sr200 co-group (RA30 + Sr200). The Con group was fed a normal diet; the low, medium, and high RA treatment groups were supplemented with 15, 30, and 60 mg/kg RA, respectively, in the normal diet from days 4–21; and the medium-dose RA and Sr200 combination treatment group was supplemented with 30 mg/kg RA and 200 mg/kg strontium chloride, respectively, in the normal diet from days 4–21.
	Experimental procedures - 9b: For the broiler chicken TD and strontium intervention experiments, the trials lasted 14 days; For the broiler chicken RA toxicity experiments, the trials lasted 21 days; For the mouse fecal microbiota transplantation experiments, the trials lasted 21 days.
	Experimental procedures - 9c: No abnormalities.
	Experimental procedures - 9d: This study conducted three animal experiments, with all procedures adhering to the principles of randomization and blinding. Broiler chicken experiments: 1. The TD model group was fed a diet containing 100 mg/kg thiram starting from day 4 to induce typical TD lesions; 2. The TD+Sr group received supplemental strontium (Sr) (100–400 mg/kg) concurrently with modeling to evaluate its bone-protective effects; 3. The RA model group was administered graded doses of retinoic acid (RA) (15–60 mg/kg) to establish an RA toxicity model; 4. RA+Sr group combined RA with Sr to test strontium's effects. Mouse experiments: Verified the causal role of gut microbiota on skeletal phenotypes by continuously gavaging mice with fecal suspensions from healthy or Sr-fed broilers. All experiments included a standard-diet control group as baseline reference.
	Results - 10a: The key findings from the three core experiments in this study are summarized as follows (all data expressed as mean ± standard deviation): In the broiler TD model, the TD group exhibited significantly lower bone density and growth plate width compared to the control group. Following strontium supplementation, these parameters showed significant improvement relative to the TD group. In the RA toxicity experiment, the epiphyseal plate width significantly increased in the RA group; however, the combined intervention of RA30 + Sr200 significantly reversed these abnormalities. In the mouse fecal microbiota transplantation experiment, mice receiving the Sr model broiler chicken microbiota exhibited superior final body weight and skeletal status compared to those receiving healthy microbiota.
	Results - 10b: For all major intergroup comparisons in this study, effect sizes and 95% confidence intervals were calculated to assess the biological significance of the differences.


